Abstract Advances in semiconductive nanowires with novel electronic and optical properties contribute towards new detection methods and revolutionize the way of biosensing. Owing to the large amount of literature pertaining to nanowires (indium oxide, polymer, silicon, and gold), the consequent proposal highlights the research published to feature ultra-sensitive handy biosensors. The focus of this article is the effective evaluation of the outstanding scientific challenges in one-dimensional nanostructures (nanowires) towards innovative and exceptional prospects in designing and fabrication of excellent primary transducers/sensors.
Introduction
It is worthwhile mentioning that despite the speedy evolution in the area of nanotechnology, perspective for nanostructure construction towards the implementation of nanoscale interface engineering becomes necessary for addressing challenges like long-term biocompatibility and sensitivity. Nanotechnology is the science of creating functional materials and devices at nanoscale (Poole and Owens 2003) level. It includes methods and techniques for modifying the materials and it also uses nanoscale structures (1-100 nm; Fig. 1 ) for obtaining novel properties among the modified materials. One such potential example is the one-dimensional (1D) rigid nanostructure also referred as nanowires. The nanowires have unique metallic (Yin et al. 2001) , semiconducting (Wu et al. 2002) , and insulating (Sung and Bae 2003) properties. Nanowire fabrication chiefly accommodates metals, metal alloys, carbon, and polymers. Fabrication of a nanowire, which is used as a sensing device structure, involves a set of techniques based on nanotechnology. Nanowire sensors work by converting chemical and biological binding events into electronic and digital signals. Biosensor devices based on nanowires are having great potential in the direct detection of biological as well as chemical species. The extremely high surface-to-volume ratio of 1D biosensor like nanowires and nanotubes makes them ideal building blocks for biosensor development. They have strong biocompatibility and size similarity with the host (biomolecules), with emphasis on novel electron transport properties (Tey et al. 2010) . Nanowires can detect even slight disturbances from the surrounding environment (due to their high surface area to volume ratio). The constituent atoms reside on the surface of the nanostructures, which can generate electrical signals even with slight disturbances (Lacerda et al. 2006 (Lacerda et al. , 2007 Polizu et al. 2006; Popov et al. 2007 ) in the system. Therefore, due to electronic conductance, which is being generated by minor changes on surface of nanowires, these can work as real time and label-free bioelectronic devices.
The physical, electronic and chemical properties of biosensors strongly depend on the number and kind of atoms that make up the particle. Nanowires can be readily prepared by electro-deposition into the pores of a membrane through template-directed electrochemical synthesis. Additionally, many methods are employed to synthesize nanowires such as template-aided synthesis, and vaporliquid-solid (VLS) method. From diagnosing disease to the drug discovery and screening of new drug molecules, the detection and quantification of biological and chemical species are critical to almost all areas of health care and life sciences. Detection is based on signal transduction, which is associated with the selective recognition of a biological or chemical species of interest. Several approaches like enzyme-linked immune-sorbent assays (ELISA) , surface plasmon resonance (SPR) (Campagnolo et al. 2004) , nanoparticles (Mirkin et al. 1996) , chemically sensitive field-effect transistors (CHEMFETs) (Domansky et al. 1993; Janata 1994) , microcantilevers (Wu et al. 2001) , and carbon nanotubes (Chen et al. , 2004a have been used for the detection of biological molecules but none among these methods of detection has yet demonstrated the combined effect of biomolecules detection. The new era of research nanostructure, such as nanowires (NWs) (Morales and Lieber 1998; Hu et al. 1999; Lieber 2003; Wang 2004 ) volunteers innovative and exceptional prospects to develop novel biosensors for covering broad perspectives. The diameters of these biosensors are in range of the biological and chemical species. Therefore, these serve as excellent primary transducers (Fig. 2) for producing signals. The biosensor which is chiefly composed of inorganic NWs possess highly reproducible electrical (Lieber 2003; Duan et al. 2001; Gudiksen et al. 2002; Cui et al. 2003; Thelander et al. 2003; Jin et al. 2004; Wu et al. 2004; Zheng et al. 2004 ) as well as optical (Chan et al. 2002; Alivisatos 2004) properties. A nanowire is a potent agent for the progress of ultra-sensitive, miniaturized sensing micronanodevices.
Indium oxide (In 2 O 3 ) nanowires
A wide band-gap semiconductor, indium oxide has been extensively used in microelectronics as window heaters, solar cells, gas sensors and liquid-crystal displays (Li et al. 1989; Shigesato et al. 1992; Sreenivas et al. 1985) . A range of protocols has synthesized indium oxide nanorods and nanowires, such as carbon assisted synthesis, Au-catalyzed VLS growth, direct thermal heating, and solvothermal method (Chen et al. 2004a, b; Kalyanikutty et al. 2005; Nguyen et al. 2007; Peng et al. 2002; Wan et al. 2006; Yu et al. 2003) . A well-designed use of indium oxide (In 2 O 3 ) nanowires has explored in biosensing applications . The nanowire surface was treated with tert-butylamine, aminopropyltriethoxy silane (APTES), or butyl nitrite to design In 2 O 3 nanowire-based field-effect transistor (FET). The amine group donates electron and the nitro group withdraws electron leading to potential change in the conductance of the FET. The adapted In 2 O 3 nanowires (FET) were exploited to sense various biomolecules such as the cholesterol carrier in blood (LDL cholesterol). Conducting polymers have the mode to manipulate their electrical, magnetic, and optical properties and are very easy to fabricate. It makes them a prospective candidate for sensors. It majorly includes polypyrrole, polyanilinebased nanowires (Heeger 2002; Hurst et al. 2006) . A polypyrrole nanowire-based pH sensor was explored by the studies of Yun et al. (2004) . Inside a microfabricated nanochannel, nanowires were engineered through monomer electrochemical polymerization, which behaves like a new electrochemical cell. Manifold nanochannels and electrochemically polymerized pyrrole/aniline production further prepares the array of ''numerous independently addressable'' nanowires of polypyrrole (PPy) and polyaniline (PANI) (Ramanathan et al. 2004; Wanekaya et al. 2006) . In the presence of avidin conjugated with ZnSe/ CdSe quantum dots, it was found that the polymerization process of pyrrole entraps quantum dot conjugates within the nanowires (Ramanathan et al. 2004) . A template-free technique was pertained for large array-oriented electrochemical deposition of polyaniline nanowires (Liu and Ju 2003) . Polyaniline nanowires (*50 to 70 nm diameter) were used to spot hydrogen peroxide (H 2 O 2 ), though it also pays meticulous interest in enzyme-based biosensing. In contrast, conductive polyaniline nanowires superimpose coating of iron hexacyanoferrate (*20 nm diameter) nanoparticles. This aids in sensing of H 2 O 2 by declining the H 2 O 2 electro-oxidation potential electrochemically. Thereby, it helps in reducing intrusion from other biological species.
Nucleic acids (DNA) as a template can be used for the making of biological polyaniline nanowires . The orientations in DNA strands were controlled by thermal oxidization of Si surface, and subsequent incubation in an aniline monomer was thereby controlled through electrostatic interactions. Enzymatic polymerization produces nanofibers with the assistance of associated aniline monomers. The sensors were thus fabricated by an array of gold electrodes and a cross immobilization of DNA strands. In this aspect, polyaniline nanowires were found to be the good substrates for DNA attachment (Chang et al. 2007; Zhu et al. 2006) . Conducting polymer nanowirebased sensor of glassy carbon electrode in an electrolyte solution of aniline could directly assemble through electrochemical layer-by-layer deposition protocol. Confining to the advanced electrochemical sensing assets of diamond as transducer material, Nebel et al. (2008) pioneered a novel biosensing platform by geometrically restricted DNA bonding based on perpendicularly aligned diamond nanowires. On the transducer, mesospacing for DNA as biomolecules was created electrochemically, by ultra-hard vertically aligned diamond nano-wires, which were formed from reactive ion etching to construct a well-build biosensor platform for future prospects.
Gold nanowires
Glucose and hydrogen peroxide nano sensors were composed from gold nanowires by electro-deposition route (Lu et al. 2007 ). Modified layer-coated electrode of gold nanowires was fabricated by dispersion within chitosan solution followed by enzyme immobilization to form an infrangible film. Modified electrode thus formed was found 30 times more sensitive than conventional gold electrode. The excellent biocompatibility and large specific surface area of gold nanowires made it an ideal candidate to serve as a new-fangled biosensing platform that provides eventual transaction for the adsorption of enzymes. In a study, the utility of 3D architectural nanowires biosensor was used for very low detection thresholds for target DNA detection (Lapierre-Devlin et al. 2005) . The key factor contributing to the elevated sensitivity in DNA-modified nanowires are high signal-to-noise ratio with large electrocatalytic signals than those recorded at bulk gold surfaces. To validate current facts of nano technology experiments based on the enzyme-linked immunosorbent assay various systems are under construction for the development of bacterial detection from biosensors. A Sensor made of gold-coated nanowired structures with glycoconjugate (antibody) is used for the detection of very low bacterial concentration in a couple of minutes (Basu et al. 2004 ). The octadecane thiol sensor was fabricated with single nanoporous gold nanowires. Liu and Searson (2006) reported adsorption of an alkanethiol with real time to confirm the authenticity of protocol. Nanorods, the lowaspect-ratio nanowires, prepare the surface plasmon technique-dependent dormant biosensors (Niidome et al. 2004 ). For example, gold nanorods by electrostatic attachment and dispersion in solvents smartly facilitate solvent sensing by chemical synthesis (Niidome et al. 2003) . In a recent study, for multiplex detection at biological end, various physical properties of gold nanorods were utilized to develop a sensitive lab-in-a-tube biosensor (Irudayaraj 2007). Martin et al. (1999) first reported bimetallic or multisegmented gold and platinum nanowires. In their study, they found sequential electro-deposition of gold and platinum metals in the pores of porous alumina membrane. Towards this end, amendments in the surface of nickel and gold nanowires results in selective adsorption of proteins (Birenbaum et al. 2003; Gao et al. 2007 ). These observations were further elaborated by demonstrating bifunctional and differential protein adsorption in bimetallic nickel and gold nanowires, for the same but hybrid and much stable nanowired structure towards biological molecules (Birenbaum et al. 2003) .
Silicon nanowires
The array of silicon nanowire (SiNW) biosensors has been used for the DNA sensor, as it discriminates well against mismatched targeted DNA. It directly monitors the DNA hybridization event in situ and in real time conditions. One of the studies reported (Wang et al. 2006 ) a metal-oxide semiconductor compatible fabrication of highly ordered n-type silicon nanowire (SiNW) arrays. Per se in the sensing mechanism of SiNW biosensor, change in charge density on the surface of SiNW can be tacit at the time of post-hybridization, the so-called ''field effect''. The SiNW array biosensor includes its label-free, sensitive, nonradioactive profile for the development of specific gene expression tools and its clinical applications.
In the route of FET-based sensing, the boron doped (p-type) Si nanowires (SiNWs) fabricated with organobiomolecules lead to change in conductance of the target. The change in conductance of the modified silicon nanowire was found directly proportional to the streptavidin concentration in solutions. A SiNWs FET works as a pH sensor by fabricating and adapting the gate oxide with charged chemical species. Nanoscale sensors can be fabricated easily using semiconducting materials (like Si for nanowires). Due to the fact, they have the aptitude to manage the doping and simplicity for surface modifications. Consistency and reproducibility of the sensor bends mainly on the eminence of the SiNWs, and the control on the nanowire surface variations Kane and Stroock 2007) . Li et al. (2004) developed the sequence-specific SiNWbased sensor. Using silicon as a substrate, doping of SiNWs was performed chiefly by ion implantation method to prepare a handy chip test sensor. Additionally, hybridization technology was employed for the DNA detection, based on the targeted DNA (12-mer oligonucleotide) and the matrix of immobilized probe. Interaction between the complementary DNA and SiNWs alter the conductance variably, thereupon it facilitates the sensing of the oligonucleotides. To confirm the specificity of the sensor, when non-complementary DNA (a base mismatch) was inserted into the sample, no comeback was recorded in the conductance. In a FET device, detection of DNA and DNA mismatches (Fig. 3) was also described using CVD-grown p-type SiNWs (Hahm and Lieber 2004) , giving it a completely new roadmap towards handy sensors for future.
Nanowire as bioelectrical device
Electrical detection of biological binding events is an additional alternative method for detection, over currently used colorimetric and fluorescence-based methods. The traditional detection methods such as fluorescence-based methods and ELISA are unsuitable for miniaturization and integration into hand-held sensors. Due to lesser response time and high sensitivity, the demand for this technology is rising. Due to its ease to integrate with semiconductor technology, the horizons for the development of nanowirebased detection systems are expanding. In present scenario, detection by analytical biodevices is emerging as tools for monitoring biological and chemical impurities but most of these commercial analytical biodevices are based on optical detection methods, which require heavy power sources, optics and lasers as measuring devices. Optical techniques work on phenomenon of florescence, which requires charge coupled camera (CCD), and photomultiplier tube (PMT). The use of fluorescent technique is not convenient because fluorescent dye may give false results due to photo bleaching effect, with its high expense of experiment. In addition, with optical sensors only micro-nano level of analyte can be monitored (Lee et al. 2010) . In contrast to this, the electrical detection-based analytical biodevices are much more sensitive and needed simple instrumentation as well. This lead to fast growing of the electrical detection systems in the field of analytical biodevices and a number of electrical measuring systems with high sensitivity have been developed (Chen et al. 2004a, b; Syvanen and Soderlund 2002; Park et al. 2002 Park et al. , 2005 Willner and Willner 2002; Zheng et al. 2005; Bunimovich et al. 2006; Rawlett et al. 2002; Tsai et al. 2006; Lee et al. 2007 ). The flow of electrical current is used as the basis for the analysis and (Fig. 2) . As biomolecular recognition in these biosensors are combined with important advantages, such as high sensitivity, low cost, low power requirements and portability, it serves as very attractive method for detection of compounds. Compared to conventional analytical methods, biosensor-based electrical detection systems have higher sensitivity and selectivity. In life sciences and healthcare from diagnosis to treatment, biosensors serve the purpose for rapid detection of biological and chemical species in the host machinery.
The electrical properties of the conducting material (e.g. conductance) can be controlled majorly by the surface contribution. As much more constituting atoms are present on the surface, the electrical conductivity of these nanoparticles raises to higher ratios. Towards this end of nanoparticles, ion selective label-free electronic sensors are attractive in fields for detecting DNA, proteins, and viruses. Silicon has been widely used in the development of biosensors, as it is biocompatible with semiconducting materials Patolsky et al. 2004; Wang et al. 2005; Li et al. 2005) . The presence of a number of charged biomolecules on the surface of a semiconducting nanowire will induce a drastic change in the nanowire conductance and thus, an active semiconductor nanowire due to the field effect advantage can be used as an ultrasensitive sensor.
Synthesis of nanowires
Generally, nanowires are usually prepared by either 'topdown' approach or' bottom-up' approach. In ''bottom-up'' approach the self-assembly of small size structures forms into larger structures while in ''top-down'' approach, the reduction of large systems into smaller sizes takes place to produce multifunctional nanoscale structures (Li et al. 2005; Vaseashta and Dimova-Malinovska 2005; Zhang et al. 2005) . Top-down approach includes electron-beam lithography or photolithography while bottom-up approach includes synthesis from molecular precursors such as VLS mechanisms. In top-down, the extraction of a nanowire from a bulk sample is done through processes such as electron-beam lithography or mechanical reduction. The mechanical reduction method was found to be more accurate for fabricating nanowires but is time consuming and requires specialized, skilled operators. However, the synthesis of nanowires from bottom-up process is easy and rapid, but it is not that much uniform as the top-down process. For developing nanotubes, nano imprint lithography (NIL) has emerged as a promising technique. Where 'top-down' and 'bottom-up' processes have their own advantages and disadvantages, the NIL process is an advanced hybrid technique which is cost effective, easy to handle, consumes less time and suitable for large area fabrication of nanostructures.
Nanowire field-effect sensors
In modern electronics, detectors based on the semiconductor nanowires were configured as FET and are among the most widely used biodetection devices. Semiconductor nanowires composed of silicon as well as other material can function as field-effect devices (Lieber 2003; Cui et al. 2003; Thelander et al. 2003; Jin et al. 2004; Wu et al. 2004; Zheng et al. 2004 ). The conductivity changes in response to variations in the electric field and/or potential at the surface of semiconductor (Lieber 2003; Patolsky and Lieber 2005) . The p-type silicon (p-Si) semiconductor is used in standard FET coupled to metal source from where current is injected and subsequently, it drains electrodes through which a current is collected. Current in FET moves in a path from the source to the drain electrode, which is potentially called a ''channel''. A third electrode known as the gate electrode (McAlpine et al. 2007; Stern et al. 2007) regulates the conductance between the source and the outer drainage of a semiconductor. The separation in path of the gate and charge region via a channel region was coherently induced by inserting insulating oxide layers in an FET structure. When the voltage is applied to the gate, the variation in surface potential begins current flow (due to the change in charge) in a specific direction. The applied gate voltage induces an opposite charge in a conducting region across the insulating oxide layer, which is equivalent to extra charge on an oxide capacitor. In the case of a p-Si or other p-type semiconductor, applying a positive gate voltage reduces the conductance, whereas applying a negative gate voltage leads to increase in the conductance. This happens due to depletion of carriers in former and accumulation of carriers in latter case, respectively. The conductance in this way depends upon the gate voltage, which makes FETs as natural candidates for electricalbased analytical biodevices. This idea for sensing with FETs was introduced several decades ago for CHEMFETs (Domansky et al. 1993; Janata 1994; Bergveld 1972; Blackburn et al. 2001) , but the limited sensitivity of previous planar devices has prevented these from having a large impact as chemical or biological sensors.
Sensing mechanism
During fabrication, some specific recognition groups were linked to the surface of semiconductor wires, which aids in analytical measurements at every step. A natural thin silicon oxide layer coated on the surface of nanowires provides the linking-site to the recognition group of molecules present in the analyte. During detection, these linked groups were exposed to the solution containing the biological or chemical molecules. Specific binding occurs between molecules in solution and molecules linked to the nanowire surface. This leads to some changes in chemical environment of the surface of nanowire and sensed in terms of changes in conductance. This can be demonstrated by taking example of proteins, as proteins possess net negative charge in aqueous solution. After specific binding to the linked molecules on the surface of nanowires, it causes increase in surface negative charge. Increase in surface negative charge will result in ultimate increases in conductance of P-type nanowire devices. These field-effect sensors can detect a broad range of biological as well as chemical species based on surface modification in nanowires with specific receptors (Fig. 2) . The varied advantages, namely label-free, biocompatibility with biological molecules, real time direct signaling, high sensitivity, high selectivity, and the potential for arranging multiple detection systems into a highly ordered manner keep detection system of NW biosensors on top to the conventional detection technologies.
Nanowire for detection of proteins
The first example of electrical detection of nanostructureintegrated protein in solution was reported in biotin that binds specifically with streptavidin ). The biotin, thus linked to the oxide surface of the nanowires, was used as the binding receptor for the analyte, streptavidin. The conductance increased rapidly to a constant value with flooded solutions of the streptavidin. Nanowire sensor devices hence become stable after the addition of pure buffer solution. Nowadays, nanowire devices can be used for the simultaneous detection of multiple proteins (Zheng et al. 2005) . This serves as versatile detection platform and had great potential in disease diagnostics (Etzioni et al. 2003 ) like diagnosis of complex cancers. Effective cancer diagnosis will require rapid analysis of clinically relevant samples, such as blood serum detector, which helps in prognosis from a single drop of blood. The analysis of patterns of multiple cancer markers helps in robust diagnosis of any person within a population (Sidransky 2002) . Detection of markers associated with different stages of disease pathogenesis could further facilitate early detection of disease by specific protein biomarkers. By selectively linking different receptors on the different areas of a sensor or an array chip using microarray technique, multiplexed detection of distinct marker proteins can be carried out in highly sensitive and selective manner. For the demonstration of this critical capability of SiNW devices, various studies on monoclonal antibody receptors linked with PSA (NW1), carcinoembryonic antigen (NW2), and mucin-1 (NW3) were reported. Different protein solutions of undiluted human serum were sequentially delivered to the device array and conductance measurements were recorded simultaneously from NW1, NW2 and NW3. Sensitivity of technique goes up to femto molar level and with *100 % selectivity (Sidransky 2002) to confirm its crucial role in research.
Nanowire as biosensor in solution
The very first use of nanowire field-effect devices to detect hydrogen ion concentration (pH) of analytes in solution occurred in 2001 . A p-SiNW device was transformed into a pH sensor. The original surface of semiconductor surface having silicon oxide surface was modified with 3-aminopropyltriethoxysilane that results in amino groups at the nanowire surface along with the naturally present silanol groups of the oxides. Both these functional groups act as receptors for hydrogen ions. The charge density of the surface nanowire varies depending upon the protonated and deprotonated state of these functional moieties. As the pH of solution increases, there is comparable and simultaneous stepwise observable increase in the conductance of the biosensor. For a biosensor to be accurate, a linear increase in conductivity with increasing pH is must. The use of these two different functional groups solves this purpose by acting at different pH ranges. With increasing conductance, there is decrease in surface positive charge and accumulation of carriers (increase of the negative charge), which ''turned on'' the p-type FET biosensor device. The key role played by surface receptor in defining the hydrogen-ion response was further tested in nanowire, where the silicon oxide surface layer was not modified with 3-aminopropyltriethoxysilane, by recording the conductance versus pH for a particular sample. Only the silanol group present on nanowire functions as a receptor for changes in hydrogen ion concentration. In this case, measurements of the conductance as a function of pH results in the formation of two different response regimes. If NW surfaces contain both amino and silanol receptors, then at low pH (2-6), change in conductance gradually diminishes but in contrast becomes larger and comparable at very high pH (6-9) step. If we compare the pH-dependent changes in conductance to changes in pHdependent surface charge density derived from silica, the results were found in excellent harmony with each other (Bolt 1957) , which reflects that the sensing mechanism was in fact because of field effect and thus, it opens the gateway for the other acidic and basic sensors of versatile importance.
Nanowire as tool for drug discovery
In heart of the identification of organic molecules, development of new pharmaceuticals and elucidating complex pathways in biological systems lays a phenomenon of the specific binding of proteins to the biosensors (Strausberg and Schreiber 2003) . The identification of molecular inhibitors of tyrosine kinase was carried out using this approach. The proteins that mediate signal transduction in mammalian cells by phosphorylation of a tyrosine residue of the substrate protein using adenosine triphosphate as a phosphate group donor are known as tyrosine kinase (ATP) (Becker 2004) . Deregulation of the phosphorylation process may lead to several diseases, including cancer (Becker 2004) . For the screening of phosphorylation inhibitors, NW surface was effectively employed to link the Ab1 tyrosine kinase. It leads to simultaneous monitoring for the binding of ATP molecules and the competitive inhibition of ATP binding with organic molecules (same as the role of drug Gleevec) . The binding of the negatively charged ATP to Ab1 linked at the SiNW surface was detected as an increase in the conductance of p-type NW device and data recorded from Ab1-modified p-SiNW devices showed reversible, concentration-dependent increases in conductance upon introduction of ATP solutions containing different small molecules as inhibitors. The increases in conductance were consistent with the binding of negatively charged ATP to Ab1 . Greater importance was given for the ability to quantify inhibition of ATP binding by drug molecules. The normalized conductance plots recorded from Ab1-modified p-SiNW devices showed reversible decrease in conductance because of competitive inhibition of ATP binding molecules. This shows substantial advantages of NW detectors over existing conventional methods. It concludes that only NW detectors include direct and high-sensitivity analysis of binding and inhibition with a minimum amount of protein receptor in very less time duration.
Nanowire for virus detection
To define the ultimate sensitivity of nanowire FET devices the detection of viruses is carried out using these biosensors which are among the most important causes of human disease and are agents for biological warfare and terrorism (Stadler et al. 2003; Atlas 2003) . The ultimate limit of detection, achieved by the use of these biosensors is to detect one single entity reliably. Specific binding of virus particle to the antibody receptor results in changes of the conductance from the baseline source. However, when it unbinds from antibody receptor, the conductance will return to the baseline. When highly dilute influenza A virus solution (Bolt 1957 ) (viruses/mL) was delivered to p-SiNW devices which are modified with monoclonal antibody (specific for influenza A virus), distinct conductance changes were observed. This is the characteristic output of the binding and unbinding of a single positively charged influenza particle (Patolsky et al. 2004) . It was further been confirmed by simultaneous electrical and optical measurements with fluorescently labeled influenza virus. For an electrical response to be obtained in harmony, the virus must have to be in contact with the nanowire device. Now research for devising of ultra-dense nanowire arrays is in progress, where the minimum scale could be set by the size of the virus.
Nanowire as DNA detective
Biological molecules (nucleic acids and proteins) carry charge in aqueous solutions. The surface activation of NWs with specific receptors stimulates detection of charged biomolecules. DNA-modified gold nanowires and silicon nanowires have been used for the DNA sensor. For the detection of single-stranded DNA present in biological samples, SiNW field-effect devices are used. Peptide nucleic acids (PNAs) (Jensen et al. 1997) were used as the receptor for detecting the presence of DNA in biological samples. As the uncharged PNA, molecules have greater affinity and stability towards single-stranded DNA (Fig. 4) . The binding of negatively charged polyanionic macromolecule to PNA causes increase in conductance of p-type nanowire (Hahm and Lieber 2004) . PNA receptor was designed for cystic fibrosis transmembrane receptor gene. These recognize the wild-type sequence versus the DF508 mutation site in the transmembrane receptor gene. When 60-fM wild-type DNA sample solution was added in p-SiNW device, consistent increase in conductance was observed. This was the result of increase in negative surface charge density, which is associated with the binding of a negatively charged DNA at the surface of modified nanowire. However, the sequences having DF508 mutation did not show this stable change in conductance (Hahm and Lieber 2004) . This was the specific demonstration for the use of nanowire in detection of diseases associated with genetic modifications within genome. The potential of nanowire arrays as activity-based diagnostic tool is illustrated by detection of the activity and inhibition of telomerase, which is inactive in normal somatic cells, but active in 80 % of known human cancers and it adds TTAGGG repeat sequence to chromosomal ends (Zheng et al. 2005; Moyzis et al. 1998; O'Reilly et al. 1999 ). For cancer detection as well as treatment, telomerase serves as a potential marker. The assay detects the presence or absence of telomerase simply by monitoring the changes in conductance of nanowire after delivery of cell extract to the device array (Hahm and Lieber 2004) . Addition of deoxynucleotide triphosphates (dNTPs) causes increase in conductance of nanowires due to the presence of negatively charged nucleotides near the surface of device, which further facilitates monitoring. When HeLa cell extract was delivered to the p-SiNWs modified with oligonucleotide primers, they showed well-defined conductance decrease, corresponding to the selective binding of the positively charged telomerase at the surface of the nanowires. It reflects the specificity of positive-signals to the presence of active telomerase in the cell extract with response to modified nanowires (Hahm and Lieber 2004) .
Conclusion
The unique properties possessed by nanowires such as mechanical stability, low-weight, and ability of current enhancement, reduction in potential, biocompatibility with biological and chemical species designate them among the efficient tools for biodetection. The real value of sensors lies in their detection limit range and ultra sensitivity. Their excellent electrical, thermal, magnetic and optical properties provide surplus benefits in their adaptability. The overall properties of biosensors will make these nanowirebased sensors more prominent among researchers and in market within few more coming years. Most of the applications described in the article are concerned with pushing the future-limits of nanowire-based biosensors to detect few molecules or even up to single molecule in a given volume of biological solution.
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